ULTRA-WIDEBAND/LOW POWER COMMUNICATION HAVING 
A DEDICATED MEMORY STICK FOR FAST DATA DOWNLOADS - 
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Inventors: Markku A. Oksanen and Harald Kaaja 
5 RELATED APPLICATION 

(1) Serial Number , entitled "UWB Link Setup With Bluetooth" (NC 

28897/4208- 4144), filed contemporaneously with the present invention, assigned to the assignee 
of the present invention, and fully incorporated herein by reference. 

(2) Serial Number , entitled "Repeat request in Hybrid Ultra Wideband 

1 0 - Bluetooth Radio" (NC28945/4208-4 1 53), filed contemporaneously with the present invention, 

assigned to the same assignee of the present invention, and fully incorporated herein by reference 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention : 

This invention relates to communication systems, methods and program products. More 
1 5 particularly, the invention relates to low power communication in a mobile environment for fast 
data downloads -apparatus, systems and methods. 

2. Description of Prior Art : 

Ultra Wideband (UWB) is a wireless technology for transmitting digital data over a wide 
spectrum of frequency bands with very low power. Data can be transmitted at very high rates and 
20 can carry huge amounts of data over a short distance at very low power. Instead of traditional 
sine waves, UWB broadcasts digital pulses that are timed very precisely on a signal across a 
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wide spectrum at the same time. Transmitter and receivers must be coordinated to send and 
receive pulses with an accuracy of trillionths of a second. Advantageously, UWB is not subject 
to multipath by time gating the receiver to allow it to ignore signals arriving outside the gating 
interval. 

5 When transferring data by UWB, the receiver device might become the bottleneck for 

data transfer, particularly in hand held communication devices where communication busses are 
not optimized for very fast data transfer within the device. Moreover, memory speed and 
capacity of such devices may not be sufficient to handle trains of data pulses at high data rates 
for large data transfers. 

10 To advance the technology state of handheld held communication devices for ultra fast 

download using UWB, it would be desirable to equip such devices with a high speed, high 
capacity portable memory and a UWB transceiver for large data transfers at transmission rates up 
to 1 Gbits per second. The portable memory may be in the form of a removable memory or 
memory stick including a memory and UWB transceiver coupled to a terminal, typically a 

15 handheld device or laptop. However, current FCC regulations described in FCC, First Report 
and Order, FCC 02-48, dated February 14, 2002 require that UWB type of radios may only 
transmit when connected to a receiver to limit interference with other receivers. IF would be 
desirable to have a first low power communication device establish a short-range control link 
with a second low power communication device for controlling a second, significantly faster, 

20 short-range communication link between the devices for UWB transmissions according to FCC 
requirements. 
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Prior art related to the subject matter of the application includes: 

(1) USP 5,687,167 entitled "Full Duplex Ultrawide-Band Communication System 
And Method", issued November 11, 1997, discloses an impulse radio transceiver for full duplex 
ultrawide-band communications. The transceiver comprises an impulse radio transmitter to 

5 transmit impulse radio signal pulses, an impulse radio receiver to receive impulse radio signal 
pulses. Either or both of the impulse radio transmitter and the impulse radio receiver, 
synchronizes the transmission and the reception of the impulse radio signal pulses for pulse 
interleaved communications. Pulse interleaving avoids self-interference between the transmitted 
impulse radio signal pulses and the received impulse radio signal pulses. In addition to pulse 
10 interleaved communications, bursts of pulses can be transmitted between two transceivers in an 
interleaved fashion. Alternatively, two different pulse repetition rates are be used to transmit and 
receive impulse radio signal pulses simultaneously. Still further, selected pulses of the received 
or transmitted impulse radio signal pulses are blanked to avoid interference. 

(2) USP 6,587,949 entitled "Secure Storage Device For Transfer Of Data Via 

15 Removable Storage", issued July 1, 2003, discloses a secure storage device with the identical 
external dimensions, form factor and hardware connectivity configuration of a standard 
removable storage device, for securing digital data such as digital images from digital cameras at 
the acquisition stage. Original digital camera data is saved in the memory of the secure storage 
device after performing one or more security functions, including encryption, creation of an 

20 authentication file, adding data to the image data such as fingerprinting, and adding secure 

annotations such as separate data included in an image header. These processes are transparent to 
a host device receiving secure data from the storage device because standard protocol is used to 
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write to the secure storage device. The device prepares original authentication data from original 
digital camera data, and encrypts and stores both the original authentication data and the original 
image data. The use of the device includes reading the original image data on a separate 
computer, by means of direct downloading of the data and or mounting the removable storage 
device on the computer. The computer is able to read data on the raw transfer level as if the 
device is a standard unsecured storage device. On the content level, the data remains secure. The 
computer can be programmed with software whereby the encrypted original authentication data 
can be decrypted by a user having a password key. Additional software may enable the computer 
to verify the authentication data of the image data for questionable authenticity. The secure 
storage device secures data from any computerized device that stores data on a removable 
storage device, such as a portable computer. 

None of the prior art discloses ultra-fast downloading of data to terminals in a mobile 
environment using a low power communication control link to control a significantly faster 
UWB data link between the terminals for data transfer to a dedicated memory stick including a 
high capacity memory and UWB transceiver devices. 

INVENTION SUMMARY 

In a mobile environment, a mobile device includes an attached memory stick (removable 
memory) having a high speed - memory and storage with direct memory access embodied in an 
integrated circuit chip coupled to an ultra-wideband (UWB) transceiver, all of the elements 
mounted on a supporting member. The mobile device communicates with other like base 
devices, portable or stationary, via UWB transmissions using pulse bursts up to 1 Gbits per 
second. One possibility is that the modulating signal changes the pulse repetition rate in 
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proportion to the modulation to transmit data. In one possible implementation, the receiving 
device demodulates the pulse burst using a cross correlator and demodulator. The receiving 
device accesses the data in the memories of the memory stick. The data transfers between the 
devices occur in the simplex or duplex mode, after a low power communication connection is 
5 established between the devices. The communication link between the devices is in the range of 
10-20 meters. The communication system allows existing device bus interfaces (which are much 
slower than ultra- wideband transmissions) to communicate between the fast read/write cycles of 
the memories integrated within the memory stick. In one embodiment, Bluetooth (BT) protocol 
may be used to establish a connection between the devices to activate their UWB transceivers for 

10 data transfers. A host controller interface (HCI) for a sending device sends a create connection 
request to the Link Manager (LM) and provides enhanced BT parameters. The create connection 
command causes the device to enter a paging mode and send out paging packets including the 
device's address. A receiving device configured to perform page-scanning responds with its own 
address. Subsequently, a low power connection is established between the sending and receiving 

15 devices, and Link Manager Protocol (LMP) is entered by the devices. The sending LMP requests 
BT parameters; a UWB indication and other information. The receiving LMP responds with the 
requested information. The sending LMP transmits a host connection request to the receiving 
device. The receiving host accepts the request. The sending LMP sends a setup complete 
message which is returned by the receiving LMP. The sending LMP sends a connection 

20 complete message to the sending host. The receiving LMP sends a connection complete message 

to the receiving host. The sending LMP sends a "switch to UWB" message to the receiving 

LMP. The receiving LMP sends an accepted message to the sending LMP and UWB 

transmission commence after the sending UWB transmitter and receiving UWB receiver lock on 
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to and synchronize with one another. In one preferred embodiment, the sending device can use 
heavy precalculated error coding allowing the receiving device to perform simple parity 
checking for data integrity. Upon completion of the transmission, the receiving base device may 
process the data over its bus interface at slower rates than the received transmission. Duplex 
transmission can occur by pulse interleaving sending side transmitters and receiving side 
transmitters. 

In one aspect, a first low power radio link controls a second, significantly faster radio link 
to keep the throughput of the second radio link optimized. 

In another aspect, ultra fast down load of data to mobile devices, via UWB, is facilitated 
by an attached dedicated memory stick including a high capacity memory and a UWB 
transceiver. 

In another aspect, a first radio channel serves as a control channel for a UWB data link 
setup and frees the very fast UWB link from link control overhead. 

In another aspect, the UWB serves as a direct data channel for the actual data payload 
without unnecessary overhead. 

In another aspect, there is no need to change the direction of the "flow" of the 
communication (receiver side sending ACKs to transmitter side), which leads to significant 
improvement of the throughput of the very fast UWB communication link. 

In another aspect, the UWB direct channel link avoids data transfer loss if basic 
throughput is very large, and there is a need to make time-consuming adjustments such as a 
TX/RX switch. 
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DESCRIPTION OF DRAWINGS 

The invention will be further understood from the following description of a preferred 
embodiment taken in conjunction with appended drawings, as follows: 

Figure 1 is a representation of a mobile environment for high data transfer between 
5 sending/receiving terminals with at least one dedicated memory stick via UWB transmissions 
and low power communication for control purposes, according to the principles of the present 
invention; 

Figure 2 is a representation of an example embodiment of a mobile device including a 
memory stick with a UWB transmitting/receiving device in Figure 1 ; 

10 Figure 2 A is a representation of an example embodiment of a UWB transmitter 

incorporated in the memory stick of Figure 2; 

Figure 2B is a representation of an example embodiment of a UWB receiver incorporated 
in the memory stick of Figure 2; 

Figure 3 is a representation of message flow for setting up a control circuit for the 
15 sending and receiving terminals of Figure 1 according to one embodiment of the present 
invention; 

Figure 4 is a representation of ultra fast data download from a server to a customer, via 
dedicated memory sticks, with high capacity memory and UWB transceivers and a low power 
communication circuit for control purposes in establishing a UWB connection between the 
20 server and customer according to one embodiment of the present invention; and 
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Figure 5 is a flow diagram describing duplex communication between a sending and a 
receiving device for ultra fast downloads between the devices after establishment of a low power 
control circuit between the devices for controlling a UWB connection between the devices, 
according to Figure 1 . 

DESCRIPTION OF PREFERRED EMBODIMENT 

In the following description of the various embodiments, reference is made to the 
accompanying drawings which form a part hereof, and in which is shown by way of illustration 
various embodiments in which the invention may be practiced. It is to be understood that other 
embodiments may be utilized and structural and functional modifications may be made without 
departing from the scope of the present invention. 

Fig. 1 is an overview of an ultra wide band (UWB)/low power communication system 
100 for high bandwidth duplex data transactions between a first terminal 102, typically a base 
device, stationary or portable and a second terminal 104, typically a hand-held device using 
UWB transmissions occurring at up to 1 Gbit per second embodying the present invention. 

The terminal 102 includes stationary or portable device 130 including, for example, a 
server linked to an access point (not shown) or a laptop computer. The stationary or portable 
terminal includes a UWB transmitter 132 and a UWB receiver 134, each linked to separate 
antennas 136 and 138, respectively. Data transfer between the terminals 102 and 104 occurs 
over airlinks 140 and 142 at up to 1 Gbit per second after a connection is established between 
sending and receiving terminals via a low power control circuit 144 connection, typically 
Bluetooth or IrDa. 
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The terminal 104 in Figure 1 includes a detachable or removable memory- 
transmitter/receiver 106 for fast download of data from UWB transmissions provided by the 
terminal 102. One embodiment of the removable memory-transmitter/receiver may be a memory 
stick 106 (currently available from several manufacturers including Sony Corp., Tokyo, Japan). 
5 The memory stick is supplemented with a UWB transmitter/receiver (currently available from 
several manufacturers including Motorola, Inc. Schaumburg, IL). More particularly, the general 
requirements for the memory stick include a memory means with or without a processor; a direct 
connection to a UWB receiver and/or UWB transmitter, and an interface/contact that connects 
the stick with another device. In the present instance, the memory stick 106 includes a receiver 
10 section 108 and a transmitter section 110. Each section is coupled to separate antennas 1 12, 1 14, 
respectively. 

The receiver section 108 includes a UWB receiver 116, coupled to the antenna 112 and 
providing an output to a high-speed RAM 118 and a storage memory 120, both under the control 
of a direct memory access (DMA) circuit 122 for storing the data received from the UWB 
15 receiver and for subsequent transfer to the handheld device 104. 

The transmitter section 110 includes a UWB transmitter 124 coupled to the antenna 114 
and receiving data from a RAM 126 or memory 128. 

The airlink connections 140 and 142 are setup with the control of a low power 
communication link 144 between the terminals 102 and 104. Both terminals include a low- 
20 power communication transmitter/receiver unit 146, 146 1 which may use any short-range 

communication technology or protocol including, but not limited to communication protocols 
compatible with IEEE 802.1 Ix, IEEE 802.15, IrDa or HIPERLAN. 
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Fig. 2 discloses an example embodiment of a hand-held terminal 200, which provides 
additional details on the hand-held terminal 104 of Fig. 1. The terminal 200 includes a dual 
antenna 202 linked to a cellular network transceiver 204 and a low-powered or short-ranged 
transceiver 206, via a communication circuit 208. It should be noted that the terminal 200 may 
5 also include more than on short-ranged transceiver, such as, for example a Bluetooth transceiver 
and an IrDa transceiver. An I/O circuit 210 connects the communication circuit to a bus interface 
2 1 2 serving a CPU 2 1 4 coupled to a display 2 1 6; a storage unit 2 1 8, a power supply 2 1 9 and a 
RAM 220. A series of programs and applications are stored in the RAM including, for example, 

» 

an operating system 222; cellular network protocols 224; short range protocols 226; UWB 
10 transmitter routines and protocols 228 and UWB receiver routines and protocols 230. 

The device 200 includes a slot 232 within the frame (not shown) for receiving a 
detachable or removable memory-UWB/transmitter/receiver 234 via a connector /interface 236 
connected to the interface bus 212. The removable memory includes UWB transmitter 246 and 
receiver 246\ each coupled to separate antenna 247, 247', respectively and RAM devices 248, 
15 248', respectively. The RAM devices 248, 248' are coupled to xGb memories 250 and 250', both 
the Rams and memories being serviced by DMA circuits 252 and 252', respectively. 

The UWB transmitter 246 is shown in Fig. 2A in more detail. An information signal 260 
is provided to a time based modulator 262 and modulates a timing signal. The modulated timing 
signal is provided to a code modulator 262, responsive to a pseudo noise code 266, and outputs 
20 code modulated time based signals to an output stage 268, which is triggered to emit signal 
pulses containing bursts of data with parity at the antenna 247. 
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Fig. 2B discloses the UWB receiver 247' in more detail. The transmitted signal pulses are 
captured by the antenna 247' and provided to a cross-correlator 280. A decode timing modulator 
282 generates a decode signal corresponding to the PN code used by the transmitter 246. The 
cross-correlator bundles the decode signal with the received signal and generates a baseband 
signal for demodulation by a demodulator 284. The demodulated signal is substantially the same 
as the information signal provided to the transmitter. Further details on the UWB transmitter and 
receiver are described in an article entitled, "Impulse Radio Communication System", by P.I.I. 
Withington, et al, published in the "Proceedings of the International Conference on Ultra- 
Wideband, Short Pulse Electromagnetics", pgs. 113-200, October 19, 1992. 

Returning to Fig. 1, according to current FCC requirements UWB transmission may only 
occur when UWB transmitter and receiver are associated with one another and synchronized. 
When interpreting the FCC report, a UWB connection cannot occur because the communication 
parameters cannot be determined without an exchange of information to synchronize the 
transmitter and receiver. One method to satisfy the FCC requirements of transceiver-receiver 
association is to establish a low-power connection between UWB sending/receiving terminals as 
a control circuit for transferring UWB parameters between the terminals to synchronize the 
terminals for transmissions. Any number of low power communication systems can be used to 
serve as a control circuit between UWB terminals, including, for example, Bluetooth, ZigBee, 
WLAN, IrDA, cellular and the like. In one embodiment, a Bluetooth (BT) protocol may be used 
to establish a connection between the terminal to activate their UWB transceivers for data 
transfers, as will be described in conjunction with the message flow diagram in Figure 3, 
illustrating one embodiment of the present invention. 
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In step 302, Host A activates the Host Controller Interface (HQ) to send a create 
connection request to the Link Manager - A (LM-A) including enhanced BT parameters for 
UWB transmissions. Step 304, causes the LM-A to enter a paging mode and send out paging 
packets, including the Host A's address. A receiving device host B, configured to perform page- 
5 scanning responds with its own address via LM-B. Subsequently a low-powered connection is 
established between Host A and Host B, and Link Manager Protocol (LMP) is entered by the 
host devices. Step 306 causes the LM-A to request BT parameters; a UWB indication and other 
information from Host B. Step 308 causes LM-B to provide the requested information, including 
a UWB indication. Step 310 causes LM-A to transmit a host connection request to LM-B, and A 

10 connection request is forwarded to Host B, via the host controller interface and providing the 
enhanced BT parameters. Host B accepts the connection request in Step 312. Other possible 
Bluetooth procedures are executed in Step 314 including providing UWB synchronizing data at 
this time. LM-A sends a setup complete message to LM-B in Step 316. LM-B responds with 
setup complete message in Step 318. Step 320 causes the HCI to send a connection complete 

1 5 message with enhanced BT parameters to Host A. A host controller interface complete message 
is sent to Host A by the LM-A, including the enhanced BT parameters in step 320. LM-B in step 
322 sends a host controller interface connection message complete event to Host B, including the 
enhanced parameters. LM-A sends a switch to UWB requests to LM-Br in step 324, and LM-B 
responds with an accepted message in step 326. UWB transmissions start in step 328 based 

20 upon synchronizing parameters exchanged by the sending and receiving UWB transceiver 
132/139 or 137/134. 

Further details on Bluetooth protocols for setting up a link connection between host 

devices are described in the text "Bluetooth 1 .1 -Connect Without Cables", J. Bray and C. 
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Sterman, published by Prentice Hall Inc., Upper Saddle River, NJ 1002 (ISBN 0-13-066106-6), 
Sects. 5.4. 

Fig. 4 describes an example system 400 for transfer of data from a content provider 402 
to a customer 404, via UWB transmissions occurring in bursts of data according to one 
embodiment of the present invention. The content provider includes a base device 406, typically 
a server coupled to a database 408 and an attached memory stick 409. The memory stick 
includes a xGb memory device 410 for transfer of data from the database to a UWB transmitter 
412. It should be noted that the content provider does not necessarily need to have a memory 
stick for performing UWB data transfer because a data bottleneck occurs on the receiver side. 
Instead content providers providing large contents to mobile users can use UWB transmitters 
integrated into the base device. A direct memory access device 414 services the database to 
download the memory 410, via an error coding unit 416 performing precalculated heavy error 
coding using, for example, linear block codes, such as single-error correcting/error detecting 
codes described in an article entitled, "Applications of Error-Control Coding", by DJ Costello, 
Jr., et al., published in the IEEE Transactions of Information Theory, October 1998, pgs.2531- 
2560. It is preferred that the heavy error coding be performed on the transmitter side, i.e. content 
provider, because there the error coding can be done all the time, while receiver side (mobile 
terminal) can be optimized so that there are no unnecessary calculation burden for the device. 

The customer 404 receives data from the server 406 via customer premise equipment 
(CPE) 418 which may be any mobile terminal equipment residing on the customer's premises for 
data utilization purposes. A memory stick 420 is attached to the equipment 418 and includes a 
UWB receiver 422 coupled to a xGb memory 424 for data storage. A direct memory access 
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circuit 426 services the receiver in transfer data to the memory and the transfer of data to the 
equipment 418. The transfer of the data to the CPE occurs at the cycle speed of the CPE while 
the receiver 422 receives data up to 1 Gbit/sec in rapidly occurring in pulses having pulse widths 
in the range of 20 - 0.1 nanoseconds. 

5 The server 406 establishes a low power communication control circuit 416 with the 

customer premise equipment 418, using, for example, the communication protocol, described in 
Fig. 3 for the transfer of BT parameters and UWB parameters. It should be understood that also 
other low power communication protocols are available to establish a control circuit for the 
transfer of parameters between the server and the CPE for control of data transmission and that 
10 the present invention is not limited to for example Bluetooth. 

UWB transmissions 428 from the server to the CPE occur after synchronization of the 
transmitter 412 and the receiver 422. The bursts of data 428 occur with parity 430 due to the 
heavy error coding in the server. The bursts of data is received at the customer premise 
equipment and is error detected by simple parity checking, which reduces the processing power 
1 5 required by the customer premise equipment. 

While Fig. 4 has described data transfer between the server 406 and the customer premise 
equipment 418 in terms of simplex mode, the memory sticks 409 and 420 can be modified to 
substitute transceivers for transmitter 412 and receiver 422 and operate in a duplex mode, as 
shown in Figure 5 and described in conjunction with Figure 4, as follows: 

20 Step 502: Duplex mode operation is entered for the transceivers 412/422 in memory 

sticks 409/420, respectively. 
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Step 504: A control circuit connection is initiated by the server 406 with the CPE 
418 for the transceivers 412/422 using a low power communication protocol, for example the 
Bluetooth protocol described in Figure 3. 

Step 506: After control setup, transceivers 412/422 exchange UWB transmission 
5 rates and other information for synchronization purposes. 

Step 508: Transceivers 412/422 synchronize sending transmitters and receiving 
receivers for data transfer. 

Step 510: Data is transferred from the database 408 to the memory 410 via the error 
coding unit 416 and subjected to precalculated heavy error coding. 

10 Step 512: Transceiver 412 sends time modulated and PN coded data to transceivers 

422, after a delay period equal to the transmission period for the transceiver 422. 

Step 514: Transceiver 422 correlates the received pulse with the PN code for 
demodulation. 

Step 516: Transceiver 422 stores the demodulated data in the memory 424 under 
15 direction of the DMA after simple parity checking. 

Step 518: CPE 418 transfers the demodulated data to a data utilization device at the 
processing speed of the CPE. 

Step 520: Transceiver 422 transmits data to transceiver 412 from memory 424 under 
direction of DMA 426 after transceiver 41 2' s delay period and heavy error coding of the data to 
20 be transmitted. Transceiver 422 repeats Step 512. Transceiver 412 repeats Steps 514-518 
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Step 522: Process steps 512 - 522 are repeated by transceivers 412/422 until all data 
bursts are processed. 

Step 524: The process ends when the control connection between the server and the 
customer premise equipment is terminated and the UWB transceiver 412/422 are turned off. 

Summarizing, the present invention provides a high-speed memory and a UWB 
transceiver installed in a dedicated memory stick connected to a stationary or portable terminal 
for high-speed data transfer between terminals, typically in a mobile environment. The high 
speed memory captures UWB transmitted data up to 1 Gbit/sec and allows an existing bus 
interface in the attached terminal, typically slower than UWB transmission, to communicate 
between fast read/write cycle of the memories integrated with the UWB transceivers. The 
invention, broadly interpreted describes a low-power radio link to control a second significantly 
faster radio link to keep the throughput of the second radio link optimized. The first radio 
channel frees the very fast second radio link from link control overhead. The second faster radio 
link serves as a direct data channel for actual data payload. No unnecessary overhead is 
transmitted through the second data link and there is no need to change the direction of the flow 
of the receiver side sending acknowledgements to the transmitter side. The direct data channel 
provides significant improvement from the throughput for the very fast communication link, and 
eliminates time-consuming adjustments, such as, transceiver/receiver switching where possible 
loss of data occurs. 

While the invention has been described in a preferred embodiment, various changes can 
be made without the parting of the spirit of the scope of the invention, as described in the 
appended claims, in which, 
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We claim: 
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